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(57) Abstract: The present 
invention describes methods and 
apparatus to control the dimension 
of a heart valve. An exemplary 
embodiment of the present 
invention provides a method of 
improving valve morphology. The 
method First involves attaching 
an anchoring component to a first 
target site on a tissue component 
of a heart. Then, a locking 
component is attached to a second 
target site on the tissue component 
of the heart. Subsequently, a 
tension member is coupled to 
the anchoring component and 
the tension member is coupled to 
the locking component. Then the 
distance between the first target 
site and the second target site is 
adjusted by activating the tension 
member. The tension member can 
then be locked into place with the 
locking component. 
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SYSTEMS AND METHODS TO CONTROL THE 
DIMENSION OF A HEART VALVE 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims the benefit of U.S. Provisional Application No. 60/750,559, filed 15 
December 2005, which is hereby incorporated by reference in its entirety as if fully set forth below. 

FIELD OF THE INVENTION 

This invention relates generally to the field cardiac valve repair, and specifically to systems 
and methods to control the dimension of a heart valve. 

BACKGROUND OF THE INVENTION 

Cardiovascular disease accounts for nearly fifty percent of deaths in both the developed 
world and in developing countries. Indeed, the risk of dying from heart disease is greater than the 
risk from AIDS and all forms of cancer combined. Worldwide, cardiovascular disease causes 12 
million deaths each year. It is the leading cause of death in the U.S., killing some 950,000 people 
each year. It also accounts for a significant amount of disability and diminished quality of life. 
Some 60 million people in the U.S. alone have some form of heart disease. Therefore, a great need 
exists for the advancement of devices and procedures to cure, treat, and correct a wide variety of 
forms of heart disease. 

Normal heart function primarily relies upon the proper function of each of the four valves of 
the heart, which pass blood through the four chambers of the heart. The four chambers of the heart 
include the right atrium and left atrium, the upper chambers, and the right ventricle and left 
ventricle, the lower chambers. The four valves, controlling blood flow in the chambers, include the 
tricuspid, mitral, pulmonary, and aortic valves. Heart valves are complex structures that rely on the 
interaction of many components to open and close the valve. More particularly, each of the four 
valves of the heart have cusps or leaflets, comprised of fibrous tissue, which attach to the walls of 
the heart and aid in controlling the flow of blood through the valves. The mitral valve has two 
leaflets and the tricuspid valve has three leaflets. The aortic and pulmonary valves have three 
leaflets that are more aptly termed "cusps," stemming from their half moon shape. 

The cardiac cycle involves the pumping and distribution of both oxygenated and 
deoxygenated blood within the four chambers. In systole, or the rhythmic contraction of the heart 
cycle, oxygenated blood, enriched by the lungs, enters the heart into the left atrium or left upper 
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chamber. During diastole, or the resting phase of heart cycle, the left atrial pressure exceeds the left 
ventricle pressure; thus, oxygenated blood flows through the mitral valve, a one way inflow valve, 
into the left ventricle. The contraction of the left ventricle pumps the oxygenated blood through the 
aortic valve, into the aorta, and is passed on to the body. When the left ventricle contracts in 
systole, the mitral valve closes and the oxygenated blood passes into the aorta. Deoxygenated blood 
returns from the body via the right atrium. This deoxygenated blood flows through the tricuspid 
valve into the right ventricle. When the right ventricle contracts, the tricuspid valve closes and the 
deoxygenated blood is pumped through the pulmonary valve. Deoxygenated blood is directed to 
the pulmonary vascular bed for oxygenation, and the cardiac cycle repeats itself. 

The performance of the cardiac cycle by the various components of the heart is a complex 
and intricate process. Deficiency in one of the components of the heart or deficiency in the 
performance of the cardiac cycle most often leads to one or more of the numerous different types of 
heart disease. One of the most prevalent heart disease conditions is mitral valve regurgitation. 
Mitral valve regurgitation has many levels of severity. After 55 years of age, some degree of mitral 
regurgitation is found in almost 20% of men and women who have an echocardiogram. Mitral 
valve regurgitation, or mitral regurgitation, is a condition in which the mitral valve does not close 
tightly, thereby allowing blood to flow backward in your heart. 

Fig. 1 provides an illustration of a normal mitral valve 101. As shown in Fig. 1, the mitral 
valve 101 includes a mitral annulus 105, an anterior mitral leaflet 110 and a posterior mitral leaflet 
115, the chordae tendineae 120, and the medial and lateral papillary muscles, 135 and 140. The 
term mitral annulus refers to the elliptical region of the valve leaflet attachment contiguous with the 
base of the left atrium. The mitral annulus 105 is composed of an anterior mitral annulus 125 and a 
posterior mitral annulus 120. The mitral annulus 105 is saddle shaped with the basal portions of the 
saddle located medially and laterally. Attached to the anterior mitral annulus 125 is the anterior 
mitral leaflet 110 and attached to the posterior mitral annulus 130 is the posterior mitral leaflet 115. 
The regions where the anterior mitral leaflet 110 and the posterior mitral leaflet 115 meet are 
termed the lateral commissure 145 and the medial commissure 150. 

In a normal mitral valve, when the atrial pressure exceeds the ventricular pressure, the valve 
leaflets open into the ventricle. When the ventricle pressure increases, the leaflets meet and close, 
covering the area of the valve annulus. Therefore, in the diagram shown in Fig. 1, anterior mitral 
leaflet 110 and the posterior mitral leaflet 115 will open during diastole to allow blood to flow 
through the mitral valve 101. Conversely, the anterior mitral leaflet 110 and the posterior mitral 
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leaflet 115 will overlap and close the mitral valve 101 to prevent regurgitation, or backflow of 
blood, into the left atrium during systole. 

The function of an atrioventricular valve, like the mitral valve, involves the complex 
interaction of numerous components, including the leaflets, chordae tendineae, and the papillary 
muscles. If one of the components or functions of the complicated interaction fails, then mitral 
valve regurgitation can result. For example, excess leaflet tissue, inadequate leaflet tissue, or 
restricted motion of the leaflets can lead to mitral regurgitation. Prolonged and/or severe mitral 
valve regurgitation can result in an overworked left ventricle. Overworking the left ventricle can 
lead to left ventricle enlargement and dysfunction resulting in heart failure. Mitral valve 
regurgitation is a progressive condition that, if not corrected, can be fatal. 

Surgical treatment of ischemic mitral regurgitation (IMR) continues to be hampered by 
suboptimal clinical results and excessive long-term mortality. Mitral valve repair is preferred to 
valve replacement for most causes of mitral regurgitation but remains challenging for patients with 
IMR. Currently, small ring annuloplasty represents the standard mitral repair technique for IMR. 
Newer reparative techniques have been proposed to address this challenging disease. 

U.S. Patent No. 7,087,064 to Hyde ("'064 Patent") describes a conventional technique for 
the treatment of mitral valve regurgitation, involving the use of a percutaneously deployable 
ligament. Fig. 2 provides an illustration of the ligatures of the '064 Patent deployed in a mitral 
valve. As described in the '064 Patent, the ligatures are percutaneously deployed, through the blood 
vessels, veins, or arteries into the heart. After deployment, the ligatures are then attached to the 
fibrous ring of the mitral valve on opposite sides of the mitral valve. The placement of ligatures 
that are smaller in diameter than the mitral valve annulus serves to constrict, reshape or reduce the 
circumference of the mitral valve. 

As an alternative to the passive ligature method of the '064 Patent, an experimental 
technique of Septal-Lateral Annular Cinching (SLAC) with a central transannular suture has shown 
some positive results. SLAC presents many potential advantages in comparison to more 
conventional techniques of treating heart dysfunctions and avoiding congestive heart failure. 
Conventional approaches and devices of treatment of the mitral valve have often resulted in a 
modification of the normal function of the valve. For example, some techniques treat mitral valve 
regurgitation by freezing the posterior leaflet of the valve, thus converting the bi-leaflet valve into a 
uni-leaflet valve. In a non-limiting example, ring annuloplasty can prevent acute ischemic mitral 
regurgitation, but it also abolishes normal mitral annular and posterior leaflet dynamics. Ring 
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annuloplasty, and other similar techniques, can lead to the deterioration of the performance of the 
mitral valve, including a loss of annular flexibility and the creation of a transvalvular gradient. This 
type of technique modifies or alters the normal function of the mitral valve. SLAC, on the other 
hand, can be implemented to preserve the physiologic dynamics of the mitral valve and its leaflets. 
Furthermore, SLAC can help to maintain the physiologic mitral annular morphology for proper 
function. 

A recent study focused on the use of a conventional SLAC implementation to treat acute 
ischemic mitral regurgitation in animal hearts, illustrated the potential advantages offered by SLAC 
techniques. Timek TA et al., / Thorac Cardiovasc Surg., 2002 May;123(5):881-8. The results of 
the study illustrated an average of a 22% (+/- 10%) reduction in mitral annular septal-lateral 
dimension. This study concluded that this reduction in dimension reduced the acute ischemic mitral 
regurgitation while allowing near-normal mitral annular and posterior leaflet dynamic motion. 
Furthermore the study postulated that SLAC may represent a simple method for the surgical 
treatment of ischemic mitral regurgitation, either as an adjunctive technique or alone, which helps 
preserve physiologic annular and leaflet function. 

Another conventional SLAC technique is disclosed in U.S. Patent Publication No. 
2005/0143811 to Realyvasquez ("'811 Publication"). The '811 Publication discloses the 
implementation of SLAC using percutaneous deployment. Fig, 3 provides an illustration of the 
conventional device used to implement the SLAC technique disclosed in the '811 Publication. The 
device 50 shown in Fig. 3, is described in the '811 Publication as being delivered using a 
percutaneous intravascular catheter through the inter-atrial septum. Once the device is delivered, 
the two wired stents 52 are deployed and allowed to expand. The anterior portion of the stent 52 is 
attached to the annulus temporarily with the tines anchored to the wire. The posterior portion is 
anchored to the posterior annulus with similar tines. Once the stent is in proper position, the wires 
are re-enforced to their position with transvascular delivered fasteners to the posterior and anterior 
annular attachment points. 

The device 50 disclosed in the '811 Publication includes a ratchet mechanism 60. This 
ratchet mechanism can be activated by the catheter that delivered the device 50. The '811 
Publication describes that the catheter attached to ratchet mechanism 60 is turned in a counter 
clockwise direction, activating the ratchet mechanism 60. The rotation of the ratchet mechanism 60 
operates to move the two wired stents 52 toward the center of the device 50. The '811 Publication 
discloses that the reduction in the distance between two wired stents 42 attached to the anterior 
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annulus and the posterior annulus will serve to achieve the effect of septal-lateral annular cinching. 

While the devices of the prior art are suitable for their intended purposes, they suffer from 
many drawbacks and fail to meet the demands of interventional cardiologists, cardiovascular 
surgeons, and the patients on whom they operate. Significantly, a need still exists for a minimally 
invasive device and associated technique to correct a deficient heart valve. More particularly, a 
need exists for a minimally invasive device and associated technique to restrict the septal-lateral 
diameter of an atrioventricular valve. Furthermore, the minimally invasive device and associated 
technique must be capable of implementation on a beating heart. It is highly desired to have a 
device capable of restricting the septal-lateral diameter of an atrioventricular valve which can be 
implemented in a variety of methods, including thoracoscopically and percutaneously. 

Therefore, it would be advantageous to provide an apparatus and method for improving 
valve competence. 

Additionally, it would be advantageous to provide an apparatus and method for restricting 
the dimension of a heart valve. 

Additionally, it would be advantageous to provide an apparatus and method for correcting 
mitral valve regurgitation by restricting the diameter of a heart valve in a beating heart. 

Additionally, it would be advantageous to provide an apparatus and method for restricting 
the diameter of a valve of a beating heart capable of being implemented in a minimally invasive 
manner. 

Additionally, it would be advantageous to provide an apparatus delivered with a long arm or 
steerable needle from outside the heart for restricting the diameter of a valve of a beating heart. 

Additionally, it would be advantageous to provide an apparatus capable of incrementally 
decreasing the septal-lateral diameter of an atrioventricular valve of a beating heart. 

Additionally, it would be advantageous to provide an apparatus capable of decreasing the 
diameter of a heart valve in increments over an extended period of time. 

Additionally, it would be advantageous to provide a method of reducing the dimension of a 
heart valve that enables a surgeon to easily access components used in an earlier surgery to later 
further restrict the dimension of the heart valve. 

Additionally, it would be advantageous to provide a method of reducing the dimension of a 
heart valve that allows repeat reductions over an extended period of time. 

Additionally, it would be advantageous to provide an apparatus and method for improving 
the morphology of beating heart valve without altering the physiologic dynamics of the heart valve. 
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BRIEF SUMMARY OF THE INVENTION 

The present invention describes methods and apparatus to control the dimension of a heart 
valve. An exemplary embodiment of the present invention provides a method of improving valve 
morphology. The method first involves attaching an anchoring component to a first target site on a 
tissue component of a heart. Then, a locking component is attached to a second target site on the 
tissue component of the heart. Subsequently, a tension member is coupled to the anchoring 
component and the tension member is coupled to the locking component. Then the distance 
between the first target site and the second target site is adjusted by activating the tension member. 
The tension member can then be locked into place with the locking component. 

These and other objects, features and advantages of the present invention will become more 
apparent upon reading the following specification in conjunction with the accompanying drawing 
figures. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 provides an illustration of a normal mitral valve 101. 

Fig. 2 provides an illustration of a conventional valve correction device disclosed in the 
prior art. 

Fig. 3 provides an illustration of the conventional device used to implement the SLAC 
technique disclosed in the prior art. 

Fig. 4A provides an illustration of an exemplary embodiment of an anchoring component 
400A in accordance with an exemplary embodiment of the present invention. 

Fig. 4B provides an illustration of an alternative embodiment of an anchoring component 
400B in accordance with the present invention. 

Fig. 5 provides an illustration of an exemplary embodiment of the engaging member 505 an 
anchoring component prior to deployment in accordance with an exemplary embodiment of the 
present invention. 

Fig. 6A provides an illustration of an exemplary embodiment of a locking component 605 in 
accordance with an exemplary embodiment of the present invention. 

Fig. 6B provides an illustration of an alternative embodiment of a locking component 605 in 
accordance with an exemplary embodiment of the present invention. 

Fig. 7 provides an illustration of an exemplary embodiment of an anchoring component 705 
in accordance with an exemplary embodiment of the present invention. 
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Fig. 8 provides an illustration of an exemplary embodiment of a cinching apparatus 800 in 
accordance with an exemplary embodiment of the present invention. 

Fig. 9 provides an illustration of an exemplary embodiment of a cinching apparatus 900 
implemented in an aortic valve 930 in accordance with an exemplary embodiment of the present 
invention. 

Fig. 10 provides an illustration from an apical view of an exemplary embodiment of a 
cinching apparatus implemented in a semilunar valve in accordance with an exemplary embodiment 
of the present invention. 

Fig. 1 1 provides an illustration from an apical view of an exemplary embodiment of a 
cinching apparatus implemented in a semilunar valve in accordance with an exemplary embodiment 
of the present invention. 

Fig. 12 provides an illustration of an exemplary embodiment of a cinching apparatus 1200 
implemented in a tricuspid valve 1205 in accordance with an exemplary embodiment of the present 
invention. 

Fig. 13 provides an illustration from an apical view of an exemplary embodiment of a 
cinching apparatus 1300 implemented in a tricuspid valve 1205 in accordance with an exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention addresses the deficiencies in the prior art by providing a minimally 
invasive apparatus and method for improving valve morphology. The medical device and method 
of improving valve morphology disclosed herein can enable an incremental reduction in the 
distance between two target sites within a valve in the heart. The reduction in the distance between 
two target sites within a valve in the heart can improve and/or restore the competence of the valve. 

An exemplary embodiment of the present invention provides a method of improving valve 
morphology. The method first involves attaching an anchoring component to a first target site on a 
tissue component of a heart. Then, a locking component is attached to a second target site on the 
tissue component of the heart. Subsequently, a tension member is coupled to the anchoring 
component and the tension member is coupled to the locking component. Then the distance 
between the first target site and the second target site is adjusted by activating the tension member. 
The tension member can then be locked into place with the locking component. 

An exemplary embodiment of the method of improving valve morphology can be used to 
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treat, and in some instances correct, mitral valve regurgitation. For example, and not limitation, the 
shortening of the distance between the first target site and the second target site can reduce the 
septal-lateral diameter of a mitral valve. This reduction in the septal-lateral diameter of a mitral 
valve can help achieve mitral competence by enabling the overlap of mitral leaflets during systole. 
Furthermore, the reduction in the septal-lateral diameter can cease or aid in reducing the backflow 
of blood into the left atrium from the left ventricle during systole. 

In addition, to improving the morphology of a mitral valve, the methods and devices enabled 
by the present invention can be used to improve the competence of other valves. An exemplary 
embodiment of the method of improving valve morphology can be used to treat, and in some 
instances correct, aortic valve regurgitation. Alternative embodiments of the method of improving 
valve morphology can be used to improve the competence of the pulmonic valve and the tricuspid 
valve. 

The method of improving valve morphology in accordance with the present invention is a 
minimally invasive procedure that can be implemented on a beating heart. Furthermore, the method 
of improving valve morphology in accordance with the present invention can implemented by a 
variety of procedures or a combination of a variety of procedures, including thoracoscopic, 
endovascular, and percutaneous deployment. Those of skill in the art will appreciate that the 
embodiments of the methods of improving valve morphology and the associated apparatus 
described herein are exemplary embodiments and have merely been provided as representative 
examples. 

In an exemplary embodiment of the present invention, a cinching apparatus is provided that 
has an anchoring component with a proximal end and a distal end. The proximal end of the 
anchoring component has an attaching member enabled to communicate with a tissue component of 
a heart. The locking component also has an attaching member enabled to communicate with the 
tissue component of a heart. The cinching apparatus also provides a tension member. The 
anchoring component is enabled to be positioned on a first target site of a tissue component of the 
heart, the locking component is enabled to be positioned on a second target site of the tissue 
component of the heart, and the tension member can be coupled to both the anchoring component 
and the locking component. The tension member can be activated to adjust the distance between 
the first target site and the second target site and fixed by the locking component. 

In an exemplary embodiment, the tension member is activated by pulling the tension 
member to adjust the distance in a manner that reduces the distance between the first target site and 
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the second target site. For example, and not limitation, a surgeon could pull the tension member so 
as to reduce the distance and the lock the tension member into place. 

An exemplary embodiment of the cinching apparatus includes one or more anchoring 
components, locking components, and tension members. The components can be utilized in the 
method of improving valve morphology in accordance with the present invention. In the exemplary 
embodiment, the various elements of the cinching apparatus are composed of a biocompatible 
material. The biocompatible material can be, but is not limited to, biocompatible metals or 
biocompatible polymers. Those of skill in the art will appreciate that the cinching apparatus could 
be constructed of a wide variety of biocompatible materials, without detracting from the scope of 
the invention. 

The anchoring component is a device capable of attachment to tissue. In an exemplary 
embodiment, the anchoring component has a proximal end and a distal end. The terms proximal 
and proximate are used herein to describe a position which is in the relative vicinity of another 
position, including a range of vicinity positions through and including being directly adjacent or 
abutting another position. The term distal is used herein to describe a position which is situated a 
relative distance away from another position. Thus, the terms proximal/proximate and distal are 
used herein as spatial relation references and are not used to describe positions upstream or 
downstream in the flow of blood. 

The proximal end of the anchoring component, in exemplary embodiment, can be enabled to 
engage tissue. For example, and not limitation, the proximal end of the anchoring component is a 
surface or rod at an angle with the main body of the anchoring component. The angle of the surface 
or rod allows this surface to produce interference, or clamp onto, a tissue component. In alternative 
embodiment, the anchoring component can have a proximal end with an umbrella configuration 
capable of piercing a tissue surface. Another embodiment provides an anchoring component with 
legs capable of embedding into a tissue surface. Those of skill in the art will appreciate that the 
proximal end of the anchoring component could be a variety of different components capable of 
attaching to a tissue surface. 

In an exemplary embodiment, the central section of the anchoring system is a rod, wire, or 
many suitable elongated bodies. On the distal side of the anchoring component there is an engaging 
member or surface. This member is designed to couple with the tension member or rod. The 
coupling member in its preferred embodiments is a loop, a screwing surface, a hook, a clamp, a 
docking orifice, or many other suitable components. The anchoring component can be delivered 
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endovascularly using a catheter or through a porthole in a heart chamber using a long arm delivery 
device or a steerable needle. Those of skill in the art will appreciate that the devices and tools used 
to implement the methods of the present invention can vary with the type of implementation. For 
example, those of skill in the art will appreciate that a long arm device can many different types of 
devices which enable a minimally invasive delivery of a component. 

Fig. 4A provides an illustration of an exemplary embodiment of an anchoring component 
400A in accordance with an exemplary embodiment of the present invention. The anchoring 
component 400A shown in Fig. 4A has an attaching member 405 at the proximal end of the device 
400A. This attaching member 405 is capable of engaging and piercing a tissue component. In the 
exemplary embodiment depicted in Fig. 4A, the attaching member 405 is an umbrella structure. 
The central section of anchoring device 400 A is a rod member 410. 

The anchoring device 400 A shown in Fig. 4 A also has an engaging member 415 at the distal 
end of the device 400 A. This engaging member 415 is capable of connecting, terminating, or 
fixating a tension member or other medium. As shown in the exemplary embodiment in Fig. 4A, 
the engaging member 415 can be a pigtail shaped member. This pigtail shaped member is 
advantageous because it can be deployed after the engaging member 415 has been inserted through 
a tissue component. In an exemplary embodiment, the engaging member 415 can be inserted 
through a tissue component in a substantially planar form and then deployed into a pigtail 
configuration. Those of skill in the art will appreciate that the engaging member 415 can be 
provided in many forms without detracting from the scope of the invention. 

Fig. 4B provides an illustration of an alternative embodiment of an anchoring component 
400B in accordance with the present invention. The proximal end of the alternative embodiment of 
the anchoring component 400B shown in Fig. 4B has an attaching member 420 that is a rod shaped 
member. This rod shaped attaching member 420 can interface with a tissue surface. The exemplary 
embodiment of the anchoring component 400B has two engaging members, 430 and 435. These 
engaging members, 430 and 435, as shown in Fig. 4B can be pigtail shaped members capable of 
coupling to the tension member. In a non-limiting example, once positioned within the heart 
chamber, the engaging member 430 can be coupled to one tension member while the engaging 
member 435 can be coupled to a different tension member. Those of skill in the art will appreciate 
the two exemplary embodiments of anchoring components, 400A and 400B, shown in Figs. 4A and 
4B, are provided as representative examples, and the anchoring component could be implemented in 
a variety of alternative devices. 
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Fig. 5 provides an illustration of an exemplary embodiment of the engaging member 505 an 
anchoring component prior to deployment in accordance with an exemplary embodiment of the 
present invention. The engaging member 505 shown in Fig. 5 is enabled to be delivered in an 
substantially planar form. The exemplary embodiment of the engaging member 505 can be 
delivered within a steerable needle or other suitable delivery device. In this manner, the engaging 
member 505 is enabled to pierce a tissue component in a substantially planar form. Once the 
engaging member 505 has pierced the tissue component, it can be deployed. For example, and not 
limitation, the engaging member 505 can pierce the posterior mitral annulus from the left ventricle 
into the left atrium. Once the engaging member 505 is within the left atrium, in an exemplary 
embodiment, it can be pushed through the lumen in excess to form a pigtail shaped member. This 
pigtail shaped member provides the necessary structure for the engaging member 505 to which a 
tension member can later be attached. 

Fig. 6A provides an illustration of an exemplary embodiment of a locking component 605 in 
accordance with an exemplary embodiment of the present invention. In an exemplary embodiment, 
the locking component 605 can engage the outer surface of the heart or the cartilage on the trigone 
and other areas. The piercing components that enable the locking component 605 to engage can be 
a hook, umbrella, interference surface, a plurality of expandable legs, or many other suitable 
components. The locking component 605 can also have a lock system which can lock a tension 
member 610 and prevent movement when engaged and therefore restrict the diameter of the valve. 
In the exemplary embodiment shown in Fig. 6A, the locking component 605 has a lock system 630 
that provides a pin compression system. As shown, the pin of the locking system 630 can be 
moveably positioned to lock or unlock the tension member 610. 

In an exemplary embodiment, the locking component 605 can be attached at many suitable 
target sites on a tissue component of the heart. For example, and not limitation, in one embodiment 
the locking component 605 can be attached to a target site on a mitral annulus which is substantially 
opposite the location at which an anchoring component has been attached to the mitral annulus. 
The locking component 605 can have piercing components, such as 620 and 625, to pierce a tissue 
component and anchor the locking component 605 to the tissue component. In the exemplary 
embodiment shown in Fig. 6A, the piercing components 620 and 625 have pierced the left atrial 
wall near the anterior mitral annulus and adjacent to the wall of the aorta. 

The locking component 605 can provide a conduit through which a tension member 610 can 
be passed. In an exemplary embodiment, a tension member 610 can be passed through the locking 



11 



WO 2007/100409 



PCT7US2006/062192 



component 605 and enter the left atrium. In this exemplary embodiment, the tension member 610 
can have an engaging distal end that can be coupled to the engaging member 415 of the anchoring 
component 400A (Fig. 4A). Once the tension member 610 is coupled to the anchoring component 
400A, it can be advanced such that the distance between the anchoring component 400A (Fig. 4A) 
and the locking component 605 is reduced. After the distance has been reduced a desired amount, 
the locking system 630 of the locking component 605 can lock the tension member 610 into place. 
In an exemplary embodiment, the surgeon performing the method of improving valve morphology 
in accordance with the present invention can pull the tension member 610 from a position external 
to the patient's body and then lock the tension member 610 into place with the locking component 
605. 

In an exemplary embodiment, the locking component 605 is also enabled to be unlocked. 
Thus, if it is later desired to alter the distance between the locking component 605 and the 
anchoring component, the tension member 610 can be unlocked from the locking component 605. 
In a non-limiting example, the tension member 610 can be advanced to further reduce the distance 
between the locking component 605 and the anchoring component and then locked into place again. 

Fig. 6B provides an illustration of an alternative embodiment of a locking component 605 
in accordance with an exemplary embodiment of the present invention. As shown in Fig, 6B, the 
alternative embodiment of the locking component 605 can incorporate a screw component 615 to 
advance the tension member 610. Thereby, a surgeon can provided with the ability to advance the 
screw component 615 from a position external to the patient's body and advance the tension 
member 610 to reduce the distance between the locking component 605 and the anchoring 
component 400 A (Fig. 4A). When then tension member 610 has been advanced the desired 
distance, the screw can be released. The stationary screw component 615 can then lock and 
maintain the tension member 610. Additionally, the screw component 615 can be re-accessed to 
further advance the tension member 610 and lock the tension member 610 into a new position. 

Fig. 7 provides an illustration of an exemplary embodiment of an anchoring component 705 
in accordance with an exemplary embodiment of the present invention. In the exemplary 
implementation depicted in Fig. 7, the anchoring component 705 has been implanted through the 
posterior mitral annulus 720, For example, and not limitation, the anchoring component 705 can be 
delivered endovascularly using a catheter. Furthermore, the anchoring component 705 can be 
delivered in a condensed form and later deployed once in position. In a non-limiting example, the 
anchoring component 705 is delivered into the left ventricle. The anchoring component 705 can 
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then be inserted from the left ventricle into the posterior mitral annulus 720 at a target site. Thus, 
the engaging component 710 of the anchoring component 705 can be caused to pierce the posterior 
mitral annulus 720 at a target site. Once the engaging component 710 pierces the posterior mitral 
annulus and enters the left atrium 730, the attaching member 715 of the anchoring component 705 
can be attached to the posterior mitral annulus 720. In this manner the anchoring component 705 is 
lodged onto the posterior mitral annulus 720 with the engaging component 710 protruding into the 
left atrium 730. 

In an alternative embodiment of the method of improving valve morphology, the anchoring 
component 705 can be delivered through the left atrium 730. In a non-limiting example, the 
anchoring component 705 can be attached to a catheter and percutaneously deployed into the left 
atrium 730. After the anchoring component 705 has been introduced into the left atrium 730, it can 
be caused to pierce the posterior mitral annulus 720 at a target site. In an exemplary embodiment, 
the attaching member 715 of the anchoring component 705 can be caused to pierce the mitral 
annulus 720 at a target site and protrude into the left ventricle. In this manner, the anchoring 
component 705 is lodged onto the posterior mitral annulus 720 at a target site. 

Those of skill in the art will appreciate that the exemplary embodiment shown in Fig. 7 
provides only one example of the implementation of an anchoring component in accordance with 
the present invention. For example, and not limitation, with respect to the posterior of the mitral 
valve, it is possible to place the anchoring component anywhere on the posterior mitral annulus or 
the myocardium proximate to the posterior mitral annulus. With respect to the anterior of the mitral 
valve, it is possible to place the anchoring component on anywhere on the anterior mitral annulus, 
the myocardium proximate the anterior mitral annulus or the fibrous trigone proximate the anterior 
mitral annulus. 

Fig. 8 provides an illustration of an exemplary embodiment of a cinching apparatus 800 in 
accordance with an exemplary embodiment of the present invention. The exemplary embodiment 
of the cinching apparatus 800, shown in Fig. 8, implements two pair of anchoring and locking 
components. The view shown in Fig. 8 illustrates the engagement member 805 of an anchoring 
component protruding into the left atrium 810. The locking component 815, can be positioned in a 
variety of target sites, including attachment to the wall of the left atrium 810 near the aortic valve. 
As shown in Fig. 8, in an exemplary embodiment, the locking component 815 can be external to the 
left atrium. The locking component 815 is enabled to receive the tension member 820 through a 
conduit in the locking component 815. Once the tension member 820 has been threaded through the 
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locking component 815 and entered the left atrium 815, the engaging end 825 of the tension 
member 820 can be coupled to the engaging member 805 of an anchoring component. After 
coupling the tension member 820 and the anchoring component, the tension member 820 can be 
pulled to reduce the septal-lateral diameter of the mitral valve 830. In the exemplary embodiment 
shown in Fig. 8, the step of reduction can be performed outside the heart. Those of skill in the art 
will appreciate that the ability to perform procedures from outside the heart can be provided by 
many minimally invasive techniques, such as thoracoscope, endovascular, and percutaneous 
deployment. Additionally, in an alternative embodiment, the steps of the methods of the present 
invention can be implemented via a remote device. For example, and not limitation, a surgeon 
could be enabled to use a remote device to adjust the tension member 820 and reduce the septal- 
lateral diameter of the mitral valve 830. 

For example, and not limitation, the tension member 820 can extend through a long arm 
device outside of the patient's body. Therefore, the surgeon would have the capability to pull the 
tension member 820 outside of the patient's body, and thereby reduce the septal-lateral diameter of 
the mitral valve 830. 

Those of skill in the art will appreciate that one or many sets of locking and anchoring 
components linked by a tension member can be implemented in an atrioventricular valve in 
accordance with the present invention. In some implementations, only one set of locking and 
anchoring components linked by a tension member is implanted. Generally, somewhere in the 
range of two to ten sets of locking and anchoring components linked by a tension member are 
implemented in an atrioventricular valve. 

As shown Fig. 8, the mitral valve 830 has two sets of locking and anchoring components 
linked by two tension members. The second set is implemented on the opposite side of the mitral 
valve 830. The engaging component 835 is positioned on the opposing side of the posterior mitral 
annulus from engaging component 805. Similar to the other set, the locking component 840 is 
threaded by a tension member 845 that is then coupled to the engaging component 835. The two 
sets of locking and anchoring components are positioned in the exemplary embodiment shown in 
Fig. 8 such that the tension members, 820 and 845, run sufficiently parallel to each other. This 
configuration aids in maintaining the symmetry of the mitral valve 830 once its diameter is reduced. 
As with the first tension member 820, the tension member 845 can be extended outside the body of 
the patient such that the surgeon can reduce the septal-lateral diameter by the pulling the external 
portion of tension member 845. Once both tension member 820 and tension member 845 have been 
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pulled to sufficiently reduce the septal-lateral diameter of the mitral valve 830, the tension 
members, 820 and 845, can be locked by their respective locking components, 815 and 840. The 
locking of the tension members 820 and 845 ensures that the desired dimensions for mitral valve 
830 are maintained. 

In accordance with an exemplary embodiment of the present invention, the locking 
component can be unlocked. In this manner, it is possible to readjust the dimension of the heart 
valve treated. In a non-limiting example, the valve diameter can be reduced by a certain amount 
and then tension member can be locked into place by the locking component. A test can then be 
performed to determine the competence level of the valve treated. If the competence is not to a 
desired level, then the tension member can be unlocked from the locking component, pulled further, 
and re-locked into position. Therefore, an exemplary embodiment of the present invention permits 
for the incremental reduction of the valve dimension over relatively extended periods of time. In 
one embodiment, a patient could undergo a supplemental surgery in which the locking components 
were accessed and the tension members further drawn to increase the reduction of the valve 
diameter. 

The cinching apparatus of the present invention can be implemented in any of the four 
valves in the heart. Those of skill in the art will appreciate that each type of valve can require its 
own particular implementation of the cinching apparatus, wherein in the location of the components 
and their delivery is altered to compensate for the unique characteristics of each of the four valves. 

Fig. 9 provides an illustration of an exemplary embodiment of a cinching apparatus 900 
implemented in an aortic valve 930 in accordance with an exemplary embodiment of the present 
invention. The cinching apparatus 900 of the exemplary embodiment shown in Fig. 9 is 
implemented in the aortic annulus 905 of the aorta root 910. As illustrated in the exemplary 
embodiment shown in Fig. 9, the cinching apparatus 900 provides an anchoring component 915 that 
pierces the aortic annulus 905. On a substantially opposite side of the aortic annulus 905, a locking 
component 920 is provided that also pierces the aortic annulus 905. In an exemplary embodiment, a 
tension member 925 can be passed through the locking component 920 and coupled to an engaging 
member of the anchoring component 915. Once the tension member 925 is coupled, it can be 
advanced to reduce the distance between the anchoring component 915 and the locking component 
920. Subsequently, the tension member 925 can be locked into place by the locking component 
920. Thereby, the competence of the aortic valve 930 can be improved by enabling the cusps of the 
aortic valve to more completely close. 
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Fig. 10 provides an illustration from an apical view of an exemplary embodiment of a 
cinching apparatus 1000 implemented in a semilunar valve 1020 in accordance with an exemplary 
embodiment of the present invention. The cinching apparatus 1000 enabled by the present 
invention is capable of implementation in either of the semilunar valves, the aortic or the pulmonic 
valve. As shown in Fig. 10, the anchoring component 1005 and the locking component 1010 can be 
configured on the annulus of the semilunar valve such that the tension member 1015 traverses a 
portion of the semilunar valve 1020. Thus, when the tension member 1015 is advanced, the 
diameter of the semilunar valve 1020 is decreased. 

Fig. 11 provides an illustration from an apical view of an exemplary embodiment of a 
cinching apparatus 1100 implemented in a semilunar valve 1105 in accordance with an exemplary 
embodiment of the present invention. The cinching apparatus 1100 shown in Fig. 11 includes three 
sets of anchoring components, locking components, and tension members. Those of skill in the art 
will appreciate that the number of sets of components and their implementation can vary according 
the particular heart valve being addressed and particular valvular condition being solved. In some 
implementations, the incompetence of the heart valve is less severe, thus the desired reduction in the 
diameter of the heart valve is relatively small. In these implementations, a limited set of 
components can be employed in the cinching apparatus. In other implementations, a high degree is 
symmetry is desired in the valve, thus the sets of components are placed to achieve and maintain a 
high degree of symmetry in the working valve. The exemplary embodiment shown in Fig. 11 
illustrates a cinching apparatus is implemented in a semilunar valve with three sets of locking 
components, anchoring components, and tension members. The location of these three sets ensures 
a symmetrical reduction in the diameter of the semilunar valve and its improved competence and 
operation. 

Fig. 12 provides an illustration of an exemplary embodiment of a cinching apparatus 1200 
implemented in a tricuspid valve 1205 in accordance with an exemplary embodiment of the present 
invention. The cinching apparatus 1200 of the exemplary embodiment shown in Fig. 12 is 
implemented in the annulus 1230 of the tricuspid valve 1205. As illustrated in the exemplary 
embodiment shown in Fig. 12, the cinching apparatus 1200 provides two anchoring components, 
1210 and 1215. Similar to the embodiment of the cinching apparatus used for the mitral valve, the 
anchoring components, 1210 and 1215, for the tricuspid valve 1205 can be delivered in a variety of 
different manners. For example, and not limitation, the anchors can be percutaneously delivered via 
a catheter to the right ventricle 1220. Upon delivery into the right ventricle 1220, the anchoring 
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component 1215, can be caused to pierce the tricuspid valve 1205 annulus 1230 and protrude into 
the right atrium 1225. Alternatively, the anchoring component 1215 could be delivered to the right 
atrium 1225 and then caused to pierce the tricuspid valve 1205 annulus 1230, thereby exposing the 
attaching member of the anchoring component 1215 in the right ventricle 1220. 

In addition to the ability to mount the anchoring components between the annulus 1230 of 
the tricuspid valve 1205 and the right ventricle 1220, it is possible to mount the anchoring 
components between the annulus 1230 and the wall of the right atrium 1225. As shown in Fig. 12, 
anchoring component 1210 is mounted between the annulus 1230 of the tricuspid valve 1205 and 
the right atrium 1225. This method of attaching the anchoring component can enable additional 
delivery methods. For example, anchoring component 1210 can be delivered and implanted via a 
long arm device. A surgeon implanting an anchoring component 1210 must be careful not to 
implant the anchoring component 1210 in the vicinity of an opening to a coronary artery, such as 
opening 1235. Those of skill in the art will appreciate that an anchoring component could be 
delivered and implanted in a variety of different ways without detracting from the scope of the 
invention. 

On a substantially opposite side of the annulus 1230 of the tricuspid valve 1205, a locking 
component 1240 can be provided. In an exemplary embodiment, the locking component 1240 can 
be delivered via a long arm device to the wall of the right atrium 1225. The locking component 
1240 can then caused to pierce the wall of the right atrium 1225. In an exemplary embodiment, a 
tension member 1245 can be passed through the locking component 1240 and through the annulus 
1230 of the tricuspid valve 1205. The tension member 1245 can then be coupled to the engaging 
members of the anchoring components, 1210 and 1215. Once the tension member 1245 is coupled, 
it can be advanced to reduce the distance between the anchoring components, 1210 and 1215, and 
the locking component 1240. Subsequently, the tension member 1245 can be locked into place by 
the locking component 1240. Thereby, the competence of the tricuspid valve 1205 can be improved 
by enabling the leaflets of the tricuspid valve 1205 to more completely close. 

Fig. 13 provides an illustration from an apical view of an exemplary embodiment of a 
cinching apparatus 1300 implemented in a tricuspid valve 1205 in accordance with an exemplary 
embodiment of the present invention. As shown in Fig. 13, the cinching apparatus 1300 can include 
two sets of locking components, anchoring components, and tension members. A deficient 
tricuspid valve can most often be improved by a reduction in diameter in number of directions as 
the coaptation line locations for the three leaflets of the tricuspid valve 1205 are substantially 
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irregular. 

As illustrated in Fig. 13, an anchoring component 1305 can be placed on the side of the 
annulus of the tricuspid valve 1205 near the mitral valve. This anchoring component 1305 can then 
be coupled to a locking component 1310 on a substantially opposite side of the annulus by a tension 
member 1315. Additionally, an anchoring component 1320 can be placed on the side of the annulus 
near the aortic valve. Similarly, this anchoring component 1320 can be coupled to a locking 
component 1325 on a substantially opposite of the annulus of the tricuspid valve 1205 by a tension 
member 1330. When the tension members, 1315 and 1330, are advanced the diameter of the 
tricuspid valve 1205 is reduced. Thus, the leaflets of the tricuspid valve 1205 can more completely 
close and the competence of the tricuspid valve 1205 can be improved. 

While the invention has been disclosed in its preferred forms, it will be apparent to those 
skilled in the art that many modifications, additions, and deletions can be made therein without 
departing from the spirit and scope of the invention and its equivalents as set forth in the following 
claims. 
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What is claimed is: 

1. A method of improving heart valve morphology comprising the steps of: 
attaching an anchoring component to a first target site on a tissue component of a 

heart; 

attaching a locking component to a second target site on the tissue component of the 

heart; 

coupling a tension member to the anchoring component; 
coupling the tension member to the locking component; 

adjusting the distance between the first target site and the second target site by 
activating the tension member; and 

locking the tension member in place with the locking component. 

2. The method of improving heart valve morphology of Claim 1, wherein the locking 
component can be locked and unlocked. 

3. The method of improving heart valve morphology of Claim 2, further comprising the 
steps of: 

unlocking the tension member from the locking component; 

further adjusting the distance between the first target site and the second target site 
by activating the tension member; and 

locking the tension member in place with the locking component. 

4. The method of improving heart valve morphology of Claim 1 , wherein the step of 
adjusting the tension member includes reducing the distance between the first target site and the 
second target site by activating the tension member to advance the tension member. 

5. The method of improving heart valve morphology of Claim 1, wherein the step of 
attaching an anchoring component to a first target site is performed with a catheter. 

6. The method of improving heart valve morphology of Claim 1, wherein the step of 
attaching a locking component to a second target site is performed with a long arm device. 

7. The method of improving heart valve morphology of Claim 1, wherein the step of 
adjusting the distance between the first target site and the second target site by activating the tension 
member is performed from outside of a patient's body. 

8. The method of improving heart valve morphology of Claim 1, wherein the step of 
adjusting the distance between the first target site and the second target site is performed using a 
minimally invasive approach. 
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9. The method of improving heart valve morphology of Claim 1, wherein the step of 
locking the tension member in place with the locking component is performed from outside of a 
patient's body. 

10. The method of improving heart valve morphology of Claim 1, wherein the first 
target site is located on a posterior mitral annulus of the heart. 

11. The method of improving heart valve morphology of Claim 1, wherein second target 
site is located on an anterior mitral annulus of the heart. 

12. The method of improving heart valve morphology of Claim 1, wherein the first 
target site is located on an aortic annulus of an aortic valve of the heart. 

13. The method of improving heart valve morphology of Claim 1, wherein second target 
site is located on an aortic annulus of an aortic valve of the heart. 

14. The method of improving heart valve morphology of Claim 1, wherein the first 
target site is located on an annulus of a tricuspid valve of the heart. 

15. The method of improving heart valve morphology of Claim 1, wherein second target 
site is located on an annulus of a tricuspid valve of the heart. 

16. The method of improving heart valve morphology of Claim 1, wherein the first 
target site is located on an annulus of a pulmonic valve of the heart. 

17. The method of improving heart valve morphology of Claim 1, wherein second target 
site is located on an annulus of a pulmonic valve of the heart. 

18. A cinching apparatus comprising: 

an anchoring component having a proximal end and a distal end; 

the proximal end of the anchoring component having an attaching member enabled 
to communicate with a tissue component of a heart; 

a locking component having an attaching member enabled to communicate with the 
tissue component of a heart; 

a tension member; 

wherein the anchoring component is enabled to be positioned on a first target site of 
a tissue component of the heart and the locking component is enabled to be positioned on a 
second target site of a tissue component of the heart, and the tension member can be coupled 
to both the anchoring component and the locking component; and 

wherein the tension member can be activated to adjust the distance between the first 
target site and the second target site and fixed by the locking component. 
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19. The cinching apparatus of Claim 18, wherein the tension member is activated to 
adjust the distance between the first target site and the second target site by advancing the tension 
member to reduce the distance between the first target site and the second target site. 

20. The cinching apparatus of Claim 18, wherein the locking component is enabled to be 
unlocked. 

21. The cinching apparatus of Claim 20, wherein the tension member is enabled to be 
unlocked from the locking component, further advanced, and then relocked by the locking 
component. 

22. The cinching apparatus of Claim 18, wherein the first target site is on a posterior 
mitral annulus and the second target site is on an anterior mitral annulus. 

23. The cinching apparatus of Claim 22, wherein the distance between the first target site 
and the second target site is the septal-lateral diameter. 

24. The cinching apparatus of Claim 18, wherein the first target site is on an aortic 
annulus and the second target site is on an aortic annulus. 

25. The cinching apparatus of Claim 18, wherein the first target site and the second 
target site are located proximate to a sino-tublar junction in an aortic root. 

26. The cinching apparatus of Claim 18, wherein the first target site and the second 
target site are located proximate to a pulmonic valve. 

27. The cinching apparatus of Claim 18, wherein the first target site and the second 
target site are located proximate to a tricuspid valve. 

28. The cinching apparatus of Claim 18, wherein the anchoring component is enabled to 
be delivered endovascularly. 

29. The cinching apparatus of Claim 18, wherein the locking component is enabled to be 
delivered with a long arm device. 

30. The cinching apparatus of Claim 18, wherein the tension member is enabled to be 
advanced from outside of a patient's body. 

31. The cinching apparatus of Claim 18, wherein the locking component is enabled to be 
activated from outside of a patient's body. 

32. A method of improving valve morphology comprising the steps of: 

attaching an anchoring component to a first target site on the tissue component of a 
heart, the anchoring component having an engaging member; 

attaching a locking component to a second target site on a tissue component of the 
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heart; 

passing a wire having an engaging distal end through the locking component; 

coupling the engaging distal end of the wire to the engaging member of the 
anchoring component; 

reducing the distance between the first target site and the second target site by 
advancing the wire; and 

locking the wire in place with the locking component. 

33. The method of improving valve morphology of Claim 32, wherein the locking 
component can be locked and unlocked. 

34. The method of improving valve morphology of Claim 33, further comprising the 
steps of: 

unlocking the wire from the locking component; 

further reducing the distance between the first target site and the second target site by 
advancing the wire; and 

locking the wire in place with the locking component. 

35. The method of improving valve morphology of Claim 32, wherein the first target site 
is located on a posterior mitral annulus of the heart. 

36. The method of improving valve morphology of Claim 32, wherein second target site 
is located on an anterior mitral annulus of the heart. 

37. A septal-lateral annular cinching apparatus comprising: 

an anchoring component having a proximal end and a distal end; 

the proximal end of the anchoring component having a attaching member enabled to 
communicate with a tissue component of a heart; 

the distal end of the anchoring component having a engaging member; 

a locking component having an attaching member enabled to communicate with the 
tissue component of a heart; 

a wire with an engaging distal end; 

wherein the anchoring component enabled to be positioned on a first target site of a 
tissue component of the heart and the locking component enabled to be positioned on a 
second target site of a tissue component of the heart, the wire can be passed through the 
locking component, and the engaging distal end of the wire can be coupled to the proximal 
end of the anchoring component; and 
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wherein the wire can be advanced to reduce the distance between the first target site 
and the second target site and fixed by the locking component. 

38. The septal-lateral annular cinching apparatus of Claim 37, wherein the locking 
component is enabled to be unlocked. 

39. The septal-lateral annular cinching apparatus of Claim 38, wherein the wire can be 
unlocked from the locking component, advanced, and then relocked by the locking component. 

40. The septal-lateral annular cinching apparatus of Claim 37, wherein the valve annulus 
is a mitral valve annulus. 

41 . A method of improving valve morphology comprising the steps of: 

attaching an anchoring component to a posterior mitral annulus of a heart, the 
anchoring component having an engaging member; 

attaching a locking component to a anterior mitral annulus of the heart; 

passing a tension member having an engaging distal end through the locking 
component; 

coupling the engaging distal end of the tension member to the engaging member of 
the anchoring component; 

reducing the distance between the posterior mitral annulus and the anterior mitral 
annulus by advancing the tension member; and 

locking the tension member in place with the locking component. 
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